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NCAR TECHNICAL NOTES
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specialized ways to the body of scientific knowledgs but which are not suitable for journal,
monograph, or book pudlication. Reports in this serizs are issued by the NCAR Scientific Divisions;
copies may be obtained om request from the Technical Writing and Editing Group of NCAR.
Designation symbols for the series include:

'mD-EM.Da&n.aerM
Equipment descriptions, test results, instrumentation,
and operating and maintensnos manuals.

1A - Instructionsl Aids
Instruction manuals, bibliographiss, film supplements,
and other ressarch or imstructions! aids.

PPR - Pogram Progress Reports
Field progam meports, interim and working reports,
survey reports, and pians for experiments.

PROC - Proceedings
Documentation of symposia, colloguia, conferences,
workshops, and lectures. (Distribution may be limited
to attendees.)

STR - Scientific and Technical Reports

Dsta compilations, theoretical sad sumerical investigs-
tions, and experiments! rosulss.
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This report eerics (Vols. Ij E/yzasv:nts the chunical measurements

made by the Atmsg‘mric Chenistry Grm,p ef the National Center for

Ataonghetic Bezearch (NCAR) for the projsce. Trace (:hcaintty ot Tropical
Atmozpheres, supported im part dy the Amy Ressarch Clfice (ARD), n\mm.
N.C. (contract DAHCC4 67-C0024). The stuly was conducted froa r'abmty
1965 to January 1970, vhile the Atmospheric Chemistry Group was part of
the NCAR Laboratory of Atmospheric Science. The report series also

includes :he chemical and biological measurczments made by the U.S. Army

Tropic Test Center (USATIC) for thes projac't Enviro:mul Data Base for
'A .

Regional Studies in the Eumid Tropics (a.-ﬁ referred to in this report

series as the Data Base Program), spouo{ed by the Office of the Secretary

of Defenu. Advanced Research Projects. Agency (ARPA), Dirsctorate of
Remote Area Conflict, and by the ?}eﬂ‘artﬂmt of the Army, Gtiicc of tho
Chief of Resecarch and Dcvclom@t Aray Rzsearch ofﬁcc. liuhiaston. D.C.
This study has also beemm ,z!:lished as USATTC Technical iapott lo. 7169@1.
The chemical and 'blolesical data ia this report uriu ars ce-—
bined with soil sun? msteorological data to fora ea mimal hu "
' bank eouuuag of messursments made sa Peena u t!u nata lm rrm-
copm o! this data bank sre demiud at qum. u.8. Am m .
 and Evaluatioa Command, Aberéess, Md., and at m Rared Setm mmm. N
'u.s. Arzy Engineer ropoznpue Labs, ron mvou. v:.j'« SRR L
>Volm- 1ot thft reaport saries ductibu the mjact nd t.hc 34 g
-mun; sites used !or chuic&l and tislosiul uaaun; (mat ot m
_.nn:h.cmxzm)( —

oo h Noon,
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Voluma II describes the msthods used in sampling end enalyzing
stmospheric trace gases and includes tabulations of all gas data.
Gases measured were sulfur dioi!.do. nitric oxide, nitrous oxide, nitro-
gen diocxide, ammonia, aliphatic aldshydas, and hydrocarbone.

Volume III describes tha methods used in sampling and snalysing
particulate matter and includes tabulaticns of all particulate data.
Messurements included size distributions of chloride- and sulfate-
containing particies colhct.d. on sewbrane filters, mass of particles
on Nuclepors and glass fider filters, optical density of inrttelu
collected on paper tape and in spors traps, mass of formaldehyde-
containing particles collected by impection, and percentsges of morpho-
logical types collected by impactiom,

Volums IV describes the methods used in collecting and analysing
biological samples and includes tsbulations of all such data. Maassure-
mants were made of surface depositions of microorganisms, concen-
trations of airborne microorganisms, accimlntion of litter, numbers
and types of flying insects, and nitrogen content of flying insects.

Volums V provides full information ou storage and retrieval of
data from the data bank, and descridos the coding used for esch type
of data.

References for esch voluns are listed according to the order in
which they are called cut in text, and sppear in text s numbers
within bracksts. Duplications occur through all five volumes.

John B. Pats
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I, DTRODUCYTICR

A, ORISCTIVES

The beckground end cbjectives of ths U.S, Avoy pavircnmantal
Data Base for Regicnal Studiss in the Humid Tropics (Data Bass
Program) have baen dsscribed by the USATIC [1-6 1 During early
consultations with NCAR, it becems clear that & coopsrative effort
by NCAR and the USATIC on chemical -amnto mads undsr the
Data Buﬁ Program would engbla KCAR to schieve parallel but dis-
tinct objectives of its own. NCAR's objectives wers to: (1)
messure existing concentrations of tr&:ri atmospheric- conatitusnts
in the tropics; (2} determine characteristics of ‘thl chaaical |
reactions occurring in the atmosphere of the humsd tmicn; and
(3) characterixs the ginks and sources of trice atwospharic con-

stituents in the tropics.

B,  CONTRACTUAL AGRETMENT

During 1965-66 the USATTC ptovldod auwort for trml by
¥CAR personnel to the Canal Zome. During this prcuntuary
period, mathods were field tested nd usutc personnsl nn
trained to make selected nmnu on a continuing bnu. -
Thase esrly studiss provided data of onch a nature "l that s for-

msl contract to provide gupport for :ran! -nd cqnipna: was u- N

s i,

quested ttcu the Army Ressarch Oifice, M—, N, C,, 80 thet

a more intensive and systematic unattgnuon sould bo udt.

S

e
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C.  BETTRTITNITAL DUATCY ¥ OiNTIOAYL MRASIMIDMENTS

Moat of the concurrent mateorological, asoil, chemical ,end
biological measurements were wads 2t the Albrock Forest gite .
(see Sact. II of this volume), One-hour averags concentrations
of several gaeses were mzasursd by US&TTC‘persqnnnl four times a
day, twice a weck, from the 2-m (under forest canopy) and 46-m
(ebove the forest cancpy) levels of a tower erected at that cite.
Aliphatic aldehyde (RCHO, Re=Hydrogen or alkyl group) concentra-
tions were measured from May 1966 to November 1968, and nitrogen
dioxide (Noz) concentrations were measured in January 1969,
Ammonia (NH3) concentrations ware measured from Februasry 1967
through January 1969, The total numbers of these measurexents
at the Albrook Forest site were: asmmonia, 1,126; nitrogen
dioxide, 1,651; and aliphatic aldehydes, 1,546. _

At selected times, NCAR personnel traveled to the Canal Zone
and, working with USATIC personnel, made additional measurements.
The nurbers of samples measured are given in Table 1. These were
collected at 25 special sites as well as at the Albrook Forast
and Chiva Chiva data base sites. Ths special sites wers selected
to provide fate for comparison with those collected .to p?o#ido

data for comparison with those collected at the data bass sitas.

A limited number of samples wers aleo collected !iqn dttplaQ;n.f B
helicopters, and s ship., Some saxples (e:lﬁorttogl o!lﬁnmplnl)'A5f>,_"
were reserved for future analyses, Taslo‘lbihou! the prtaﬂnt o

storage locations of collected siaples.




Teslae 1
NUMBERS AWD TEPES OF CISMICAL FRASURRMENTS
Ruzber of Eonpls

Gazas . Sexples Rzpository

Asmonta (VH) | 1,568 R—

Kitrous oxids (N,0) 116 cosse

Fitric cxtds (X0) | 518 ————-

Nitrogen dirwtde (N0,) 2,08  eeee

Sulive dioxide (80 ) ‘ ' s18 vonas

Aliphatic aldehydes (RCHO) 1,758 eeeem ;
Hydrocarbons (5-25 epecies ST S
asatured per saxple) . 368 . eewms T o
Particles ‘ T e
Tupactor - fornaldshyda contest 265 — .
Impsctor - classified by type | m ' !
Fiiter - mass loading ':, n J

Filter - chlorids size dhtri-
bution

Fiiter - cnlﬁto sizo
dutributton

ruec: - opttul donuty
rum « for tumu ndytu
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dong concurrently with data gathoring, we expoct that thesse data

will be uzed &2 gourca material for eveluation over & pericd of

_many yesra. Detalls of data coding, foruat, and storage are

givan in Vol. V.

The msteoroclogical and 30il data conaist of &n extensive,
relatively homogensous series of mesasurements. Summary reports
of these data have been issued 18, 9] and a limited amount of
evaluation has been publigshed f1-6]. The entire file of meteoro-
logical and soil data is incorporated in and availsble from the
primary repository of the environmental data bank at the U, 8
Army Test and Evaluation Ccmmand Headquarters in Aberdeen,
Maryland. ‘

The types and durations of the chemical and biological
measurements are relatively heterogeneous. The chemical data
are described in {7, 10-231; methodology of atmospheric sampling
and analysis developed in part in Panama are discussed in |
{24-29). Exemplary data from the study are uzed in 130-38], ard
biological and bioclogical-chemical data ares pressﬁted in [39-
46). In addition, discussions of limited studies ware 5n$1£iho§
as sections or brief papars in the USBATTIC untmndal ‘nAportl
f47-58) . o R S

Since the chemical and biologirsl dau are not i;eatiiﬁl; E
bulky, they are prasented in full in Volusss II, I, and vV of
this report. They ars ;llc {ncludad on iugnctgyiﬁspc’ih tha <
data bank. | L




~ I1._ SLTR TUSCIPTION

The sites used for chemical and biological eexpling ere 1isted in = | i
Teble 2; site locations are shovm in Fige. 1-3. Tha cruise track of

the S. S. Advrnce I1 (Fig. 3) designstes the sea site; eost of the
ground sites are depicted in Figs. '6—52{ end, tha ezrial éitc loutim o '

B

are shown in Fig. 53.

Table z
SnE us'm:m (camnw.)

wie

iR Site  Site . stter - Site”
= Designation Name ‘ Designetion = - Wame |

JRTP7IEEE VR SR 4

S

N1 Ft. Shermen-Bunkar Pl .. . . Albrook Forest
N2 Ft. Shermen—-Beach D2 - - Chtva Chivs
N3 Rio Piedras : : ST
Né Skunk Bollow - =« " .
N5 : Ft. Sheraan-Swamp
N6 Coco Solo Swamp
N7 Chagres River
N8 Contadora Island
Mo Hato-Sgvannsh -
N12 Madden Ridgs Road
N3 Rio Hato-Beach
N14 Coco Solo -
N1S Pidisque R
B16 ‘Albrook-Road End
w17 Ric Mar
| 3 %] Barbados-East: Poiat _ SN
ni19 ‘Barbadcs=-Notth Point ,
- K21 Agua Salud
N22 - Galate Point‘ S
R23 - Madden Preserve '
w28 Miraflores Labontury
- W26 .. . Soufriere, 8t. Lucla

e

5§?=:csk,g {j 

t

”lruju ?oint
- . Chepillo Island
. da) Rey Islamd - . . T L
. Panema cuy T R T

N : TS
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A, Data Rena Sites

Albrock Forsat (Data Bzza Site ©1). The Albrock Forest site

13 in the Pansma Canal Zone at lat. 9°0'53" and long. 79°32'26";
ground elevation ranges from 30 to 33 m gbove sea level, The
site has a 4% slope to the southsast and u in a regiocn of roundad
hills whese heights reach 130 m. The nearest hills are 400 n
to the east; others are €00 m to tha northwest,

A 46-m high walk-up tower was built at the center of the
site. Figure 4 13 an serial view of the forest showing the
portion of the tower that extends above stn canopy. Figure 5 s
a view from the ground of chemical sampling in prozﬁsa at the
46-m level of the tower. | »

The site is on a low, ercsional terrace vhers the soil is a

residual clay oxisol, rich in organic matter, with a light-

textured surface. The parent material is an agglomeratic tuff.

rurther site details and descriptions of selected soil and
meteorological measurements can be found in ll-il and [6].

The vegstation consists of wany speciu of trcu, shrubs,
and vines, many of which are deciduous. The top of the tree
canopy wvas 26-28 n abo\n the luttacc at :!xc bcstnnlng of the
study; by the end of the ntudy lt had growm mmtably. The
forest extands for uvcut kilometers in all directions except
to the east where it has been cleared. The undercanopy vegetation
at the tower base is showm in n;. 6. .

Detailed studies on the mctsti.on ch:tnctcmttcl at thc

site have been rcpottcd (47, 55-58].
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B, Special S{itca

Fr, Sherman-Bunker (Spacial Site #1), The Ft. Sherman-

Burker site is in the Panama Canal Zone at lat, 9°22'0" and
long. 79°56'56". A dunker equipped for use as & meteorological
station occupies the top of a smail knoll (Fig. 9). The station
is operated by a U,S, Army meteorological team. Some samples
were collected on the bunker roof; others were collected at the
top of the knoll directly behind the bunker (Fig. 10).

The site, at an elevation of 5 m, is approximately 250 -
south of the mouth of the Shelter Cove which opens into Limon Bay
immediately behind a dreakwater., Shelter Cova li.u':a the northe-

east between the bunker and the seashore (Special Site #2),

Fig. 9 Meteorological station, Special Site ¥l {Pt. Sherman-
Bunker) . . .

B TV
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Fig. 10 View toward Caribbesn Sea from Ft. Sherman~Bunker site.

Ft. Sharman-Beach (Special Site ¥2), The Ft. Sherman-
9°22'10" and

Beach site is in the Panama Canal Zone at 1at.

long. 79°57'9". A few special samples were collected at this
site to assess the possible effect of ocean-bottom exposure at
lov tide on the Ft. Shermsn-Bunker site (Special Site #l).
Klavation at this site is 0.5 m above sea lavel,

'rhc unplina site vas on the beach at the edge of s small,
shallow bny (Figs. 11 and 12). The bottom of the day, an

extension of the outlying coral reef, iz covered with a thin

‘layer of coral sand mud and is salwost totally exposed during lw

tide.
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Rio Picdros (Scocial Sits #3). The Rio Pledras site ia in

gaa level,

the Republic of Panzma at lat. 9°27'10" and long. 79%44'32".
The ezmpling point was on the beach of Punta Portete sbout 200 -

w2st of the mouth of Rio Pledras. Ground level is 1 m above




rig. 15 View toward the Caribbean Sea from the Rio Piedras site.




Stunk Hollow (Spacinl Site £4). The Skunk Kollow site is

in the Panama Canal Zone at lat. 9°19'4Q" end long. 79°57'16".
A few special samples were collected at this ai:e, vwhich has a
higher average annual rainfall (330 cm) and a more even seasonal
distribution of rain than Albrook Forest, so that the dry season
is much less pronounced.

Sampling was carried out on the forest floor. The forest

has a somewhat higher canopy and less understory vegetation

(Fig. 16) than does Albrook. Elevation is about 25 m.
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Ft, Sherman-Swarp (Special Site ¥5), The Ft, Sherman-Swamp

site (not pictured) {3 in tha Panzma Csnal Zone at lat. 9°20'35"
and long. 79°57'7". A few selected samples were collected
several meters from the road 1:'; the mangrove swamp bordering
Limon Bay. Ground level i{s 0.5 m, The n.nin vegetation is
second-growth red mangrove with heights up to 7-8 m. Stems are
small (to 15 em D,B H.,~-8tem diamster at breast height) and
close}y spaced (mean N, N,D,--net nearest distance--2 m). Prop
roots are extensive and form a thick mass., Vegstation beneath
the canopy consists of scattered clumps of giant fern. Salt
water floods the area during extreme tides. '

Coco Solo Swamp (Special Site #6), The Coco Solo Swamp site

is in the Panama Canal Zone at lat. 9°22'48" and long.
79°52'44"., The .nmpnng site was about 15 m from the road in
the mangrove swamp border on an almost landlocked inlst of the
Caribbean (Fig. 17).

Vegetative cover is nearly mature white mangrove to a
canopy height of 20 m. Stems reach 28 e¢m DB H,, but avcrascﬁ
18-20 cm. Mean NN,D, {s approximately 3.5 m. Ground cover
is restricted to the fern Acrostrichum. No prop roots are
present, though pneumatophores to heights of ‘;‘0 cm are

numerous. Salt water floods the area during extreme tides.
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Contadora Ialand (Special Sita #3), Contazdora Island is

one of the Pearl ¥slands in the Bay of Pznama on the Pacific
side of the Isthmus, The site {s at lat. 8°38'11" and long.
79°2'10" on tha tip of a recky point (Figs. 20 and 21) at the

north end of the island.
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Fig., 21 Sampling at Contadora Island site.

Rio Hato-Savannah (Special Site #11)., The Rio Hato-Savannah

site is in the Republic of Panama at lat. 8°24'31" and long.
80°8'18", The area is tropical grassland (savannah) with
scattered trees on the Pacific coastal plains of Panama (Fig. 22).
The elevation of the sampling site (Fig. 23) is 30 m. The
grasses are thick and green during the rainy season, but turn

brown and are sometimes burned or cut during the dry season.




Fig. 23 Special Site

=211 (Rio Hato-Savaanah).
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Fig. 24 Sampling at Rio Hato-Savannah site.

Madden Ridge Road (Special Site ¥12), The Madden Ridge Road

site is in the Republic of Panama at lat, 9°14'24" and long.
79°21'39", adjacent to the road which follows the continental
divide along the ridge edging the Madden Basin drainage system
(Fig. 25). The elevation is estimated at 800 m. The general
area is a lower cloud forest zone. The sampling point was

located at the edge of an old burn (Fig. 26).




Fig. 26 Special Site #12 (Madden Ridge Road).




Rio Hato-Beach (Spac{al Site ¥13), The Rio Hato-Baech site

is in the Republic of Panara at lat, 8°24'30" and long. 80°6'22".

The savannsh in this area (see also Special Site rll) éextends to
a bluff on the edge of a sandy beach that bcrders the Bay of
Panama (Fig. 27). The saxpling =i:ze is a grassy plot on the

edge of the bluff absw: che beach and is fringed with low trees

and shr:Za (Fig. 28). The site i3 on the border of the Rio Hato

Military Reservation (Fig. 29); elevation at the site is about

15 m.

Fig. 27 Sand beaches between savannszh and Bay of Panama
(Rio Hato area).
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Coco Solo (Special Site #14). The Coco Solo site is in the
Panama Canal Zone at lat. 9°22'57" ;nd long. 79°51'43". Ele-
vation is 12 m. The sampling point i3 & 2-m wide concrete strip
leading into the forest (Fig. 30). The large annual rainfall
(330 cm), and subsequently less-pronounced dry season, produces
& tropical evergreen forest consisting of a luxuriant undergrowth

in the absence of a high, dense canopy.

Fig. 30 Special Site »14 (Coco Solo), o 7 -




Pidiaque (Spocinl Site £15). The Pidiaque site is in the

Republic of Panama at lat. 8°31'15" end long. 78°8'7", on a
ridge overlocking the Sabana River in Darien. Elevation of the
site is 240 m; access was by helicopter. The site was used &s
a meterological station by the Atlantic-Pacific Interoceanic

Canal Study Commission during its study of Route 17 for a sea-

level canal {9].
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Fig. 33 Terrain toward west from Pidiaque site.
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rig. 35 Sampling at Pidiaque site.
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Albroock-Road End (Special Site #16). The Albrook-Road End

site (not pictured) is in the Panama Canal Zone at lat., 9°1'17"
and long. 79°32'6". The road to the Albrook Forest site (Data
Base Site #1) continues for 1 km to a washed-out culvert. A
few special samples were collected at this site. Except for the
absence of generators, the site is equivalent to the Albrook

Forest data base site.

N

Rio Mar (Special Site #17). The Rio Mar site is in the

Republic of Panama at iat. 8°26'10" and long. 80°0'0". The
site (Fig. 36) is similar to the Rio Hato-Beach site (Special
Site #13) except that the bluff overlooking the beach is higher

(20 m).
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Barbados-ksat Point (Sca2efal Site ¥18), The Barbzdeg-East

Pt. site is on Barbados Island at lat. 13°9'16" and long.
59°28'22". The area is a flat shelf of foasil coral rock
(Pleistocene) with minimal soil cover (Fig. 37). The sampling
point was near the 8-m East Pt, meteorological tower (Fig. 38),

built during the 1968 BOMeX I Study [60].
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Fig. 38 Sampling at Barbados-East Pt, site.

Barbados-North Point (Special Site #19). The Barbadose

North Pt, site is on Barbados Island at lat. 13°19'54" and
long. 59°36'49". The site is on the grounds of the North
Point Surf Resort and is similar to the kast Pt. site (Special
Site #18) except that the surf is heavier. Sampling was con-
ducted midway between the edge of the coral rock (Fig. 39) and

the building (Fig. 40).
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Soskatupo (Special Site #20). The Soskatupo cite is in

the Republic of Pan#ma at lat. 8°55'34" and long. 77°43'18",
The site {s on the top of a hill on the island of Soskatupo,
one of the San Blas Islands on the Caribbean side of the
Isthrmus, Elevation at the site is estimated at 70 m; access
was by helicopter. This site was used as & meteorologicsl
station by the Atlantic-Pacific Interoceanic Canal Study Com-

mission during its study of Route 17 for a sea-level canal,

Fig. 41

i
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Fig.42 Sampling at Soskatupo site.

Agua Salud (Special Site #21). The Agua Salud site is in

the Panama Canal Zone at lat, 9°11'47" and long. 79°48'2".

A 46-m walk-up tower (similar to those at Albrook Forest and
Chiva Chiva Data Base Sites #1 and ¥2) was erected at the site.
The forest at this site is intermediate in type between the
semideciduous forest at the Albrook Forest site (Data Base Site
#1) and the tropical evergreen forest at Coco Solo (Special

Site #14). Elevation is 80 m.
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Azua Salud site (circle).
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Fiz. 45 Sampling at base of tower, Agua Salud site.

Galeta Point (Special Site =22). The Galeta Pt. site is

in the Panama Canzl Zone at lat, 9°24'11" and long. 79°51'40"
and is the site of a Smithsonian Institution marine research

station (Fig. 46). A few special samples were collected here.
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rig. 46 Sampling at Special Site #22 (Galeta Pt.).

Madden Preserve (Special Site #23). The Madden Preserve

site is in the Panama Canal Zone at lat. 9°6'12" and long.
79°37'4", in a biological preserve established at the point
where the Las Cruces Trail crosses the Trans-Isthmian Highway.

Elevation is 160 m.




Fig. 47 Primacy growth forest at Special Site #23
(Madden Forest Preserve).

Fig. 48 Sampling at Madden Forest Preserve site.
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Miraflores Laboratory (Special Site #24). The Miraflores

Laboratory site (not picturad) is in the Panama Canal Zone at
lat. 8°59'52" and long. 79°25'25". The laboratory is immedi-
ately adjscent to the Miraflores Locks. Occasional special
samples were collected in the field of tall grass (to 2 m)
covering the area to the east of the site. Elevation is 10 m,

8. 8. Advance I1 (Special Site #25), A special series of

samples was collected by C. £. Decker and J, R, Smith [60] on
the S8, S, Advance JII cruise, which was a part of the Xarbados
Oceanographic and Mesteorological experiment (BOMEX). The

Advance II (Fig. 49) belongs to the Cape Fear Technical

Institute, Wilmington, N, C,

) g,
.:-i!.,é '

rig. 49 Special Site #25 (5.8, Advance 11),
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Soufrisra, St, Lucia (Seecial Sita ¥25), The $cufriere

site 1s on St, Lucia Island in the Caribbean Saa at lat.
13°50'8" and long. 61°2'48". An active fumarole (Fig. 50)

15 sccessible by road from the town of Scufriere. Saxples ware

collected on a cocoa plantaticn by the side of the road lesding

to the fumarole {Fig. 51), and also in the fumarole proper

(Fig. 52). Sampling elevation varied from 200 to 300 m.

Fumarole (circle) at Spocial Site #26 near
Soufriere, St. Luch.




Fig. 52 Sampling at fumarole, Soufriere site.
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C. Jl-rinl Siten

Tha refsrence points used to describs vertical (earial) am
pling sites ars ehown in Fig. $3. Sc=pling point Al (over Brujes
Island) i{s off the Caribbean shore of the Isthmus {n the vicinity
of Ft, Sherman, where maritire air frcem the Caribbesn impinges on
the Isthmus, Area A2 is the Panzms City-Chepillio area of the Bay
of Panama (Pacific side of the Isthmus); air at this point has tra-
versed the Isthmus. Area A3 {a the wicinity of the southern _tip

of del Rey Island (Paarl Islands) in the Bay of Panams; sir at

this site has crossed an open body of water after passing over thes '

Isthmus, Area AS is the Pidiaque site in the Darien area of the
Isthrus; this region provided samples of air which had traveled
over a completely n_onurbanized portion of ths Isthmus, Area
A7 {8 over Soskatupo Island on the Caribbean side of the Isthmus.
Details of the sampling pattarns are described in [20].

Brujas Island (Aerial Site #1). The Brujes Island flight

path i{s shown in Fig. 53 as Al. The Ft. Sherman-Colon complex
i{s the only possible important source of pollution tn:thfe area.
At all times during ssmpling this cocplex was either 5 km down-

wind or lateral to the ﬂigbt pnttem.

Chepillo Island (Asrisl Site #2). The cu.pmo Ilhnd m;h: o

path is tdentified as A2 in Fig. 53. Flights were -m bctvnn :h- "

urban complex of Panm ctty and thc hciﬂc-ﬁml yal'ul. usd
saoke plumes to tho north of Chepﬂlo hlsud ttm lgricu!.turd

burning on the malnldnd,
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Dol Roy Tuland (Asvrisl 8its #3), The del Rey Ialand flicht

path 1is shovm gs A3 in Pig, 53, The circular flight path was
over the extrems southern tip of the peningula cn the south end

of the island. TIal Ray is the southerumost major i{sland in the

* Pearl Islands.

Pansma City (Asrial Site #4). The Panama City flight was

a circle 1 km {n dismater over the center of the city; it is
shown as A4 in Fig.. 53,

Maddan Dam (Asrial Site #5). The Madden Dam flight path
was a circle 1 km in diameter over Madden Dem, and is showm
as AS in Fig. 53.

Pidiaque (Aerial Site ¥6). The Pidiasque flight path is
showm as A6 on Fig. 53, The circular path vas over the Pidiaque
Special Site #15, located on the top of the hill overlooking the
Sabana River (southwest) and the Darien Forest (northwest). -

Aerial Site ¥6a, Dufing one ﬁight. several saxples were
collected at 1,828 m early in til.’ flight from Pidiaque to
Soskatupo. This is shown on Fig. 53 at Aba.” Samples from this
flight are grouped with Pidiaque samples.

Asrial Site s6b, Samples were also collected during the
latter part of post-refueling flights from ths Canal Zons to
Pidiaque; this path is shown as A6b on Fig. 53. These samples’
are classed as Pidiaque samples since they all represent air
on the leeward side of the Isthmus,




&5

¢

Sortetins (Aoria) 81ta 7)., The Sozkatupo flight path,

A7 oa ¥13. 53 vas an oval pattern on tha windward sids over
Spacial Sita #20, Scskatupo Islend,

Asrial Sites »7a end ¢7b. These flight paths are shown in

Fig. 53,as A7a and A7b. Sarples wore collected during refusling
flights from Soskatupo to ths Canal Zona, The flight to Albrook
wes modified so thet sazples could ba collected over the wind-
ward ccat of the Isthmus, The Acmplel from these flights are

1isted as Soskatupo samples.

Barbedos (Asrial Site ¥19). Sax=ples were collected on

selected flights during NCAR's Barbados Experiment [60] ; the
flight path i{s shown in Fig. 3 and is described in [61].
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